Background: Small cell lung cancer (SCLC) is an aggressive malignancy with a short median survival time. Because of the rapid growth rate there may be an advantage to emergently beginning chemotherapy as soon as SCLC diagnosis is made.
Methods: All SCLC patients evaluated at Cooper University Hospital from January 2011 to September 2014 were reviewed. Multiple clinical factors were analyzed including timing between diagnosis and start of chemotherapy.
Results: A total of 75 patients were analyzed. On univariate analysis there was a survival detriment to early initiation of chemotherapy. With multivariate analysis the difference in survival disappeared. With logistic regression, the only variable that was related to overall survival was stage (extensive versus limited). We did not find any subset that benefited from early initiation of chemotherapy.
Conclusions:
Mortality and cumulative survival time were not improved by early initiation of chemotherapy for any patient subset. Only stage at diagnosis was predictive for mortality and cumulative survival. Our data appears to show that urgency in starting chemotherapy has little bearing on survival in patients diagnosed with SCLC. The data suggest that there is no detriment to a non-urgent start time for chemotherapy.
time, symptomatic disease, and early development of metastatic disease [1, 2] . The cellular proliferation rate is much higher in comparison to other types of lung cancer, which has contributed tothe view of newly diagnosed SCLC as an "oncologic emergency". Some oncologists will urge the start of chemotherapy as soon as possible (sometimes within 24 hours of diagnosis) given the potential for aggressive growth and metastasis. Similarly, some institutions will keep a patient with newly diagnosed lung cancer admitted to the hospital until final pathology is available so that in the event that the final diagnosis is SCLC chemotherapy can be initiated immediately as an in-patient.
The theoretical rationale for emergent start of chemotherapy is based on the perceived rapid growth rate for SCLC. Since the tumor has such rapid growth potential, earlier chemotherapy start time may allow for an increase in cure rate for limited stage patients and provide improved disease control in extensive stage patients. While there may be a theoretical benefit to early initiation of chemotherapy, there is also a downside. Emergent initiation of therapy may overwhelm patients who haven't had time to properly process their disease status (including potentially compromising the integrity of informed consent), strain hospital systems with the costs of inpatient chemotherapy and delayed discharge, and interfere with proper disease staging.
Introduction
Small Cell Lung Cancer (SCLC) is aparticularly aggressive lung malignancy characterized by a rapid doubling number of pack-years. Time from presentation was defined as the time of first reported symptoms until time of actual diagnosis.
The median age was 65. 22 patients had limited disease while 47 had extensive disease ( Table 1) . The median time from diagnosis to starting chemotherapy was 23 days (range 3 to 63 days). The types of chemotherapy used (first line chemotherapy options) included carboplatin, cisplatin, etoposide, topotecan, and paclitaxel. Documented Karnofsky Performance Status (KPS) and Eastern Cooperative Oncology Group (ECOG) scores were used to evaluate a patient's performance status depending on the physical and their preference. The ECOG scores were converted to a KPS score based off of a scale for efficient statistical evaluation. Comorbidities (coronary artery disease, history of MI, hypertension, hyperlipidemia, peripheral artery disease, CHF, diabetes, hepatitis, COPD, history of PE, history of malignancy, tuberculosis) were assessed and patients were stratified into groups with less than or greater than 3 total comorbidities. Only the first round of chemotherapy was analyzed in this study (chemotherapy timing with second line chemotherapy after progression was not examined).
Results
Median time from diagnosis to last follow up or death is 311 days (Range 7-1274 days). At last follow up 22 of the 75 patients (29%) were still alive. The median follow-up time for the surviving group is 548 days.
On univariate analysis, there was an improvement in overall survival in patients with late (> 14 days) delay between diagnosis and chemotherapy initiation. Kaplan Meier curves demonstrate a significant difference in the time of survival between the groups that received chemotherapy less than 14 days from diagnosis compared to those that received chemo greater than 14 days from diagnosis (p = 0.008). Median survival for patients started chemotherapy > 14 days was 363 days compared to 286.5 days for starting chemotherapy < 14 days ( Figure 1 ). Examining extensive and limited stage patients separatelythere is a trend for improved survival for limited stage patients who started chemotherapy > 14 days from diagnosis. There was no relation between survival for extensive stage patients based on timing of chemotherapy initiation. When time of survival was examined with time from diagnosis to chemotherapy initiation as a continuous variable there was a trend towards improved outcome with later chemotherapy initiation (Pearson coefficient of 0.22 with a p-value of 0.058).
On multivariate analysis chemotherapy start time did not remain significant. Using a Cox proportional hazard model we analyzed age at diagnosis, performance status, comorbidities, stage (limited versus extensive), Given that little data exists to evaluate the efficacy of emergent chemotherapy in patients with SCLC, this study aims to determine if overall survival differs between patients based on time for initiation of chemotherapy.
Methods
The data acquired in this study came from a retrospective examination of SCLC patients at one institution. 102 SCLC patients were identified from a tumor registry. Twenty seven patients were removed due to missing data in the electronic health record. Multiple clinical and demographic data were collected including performance status, time from diagnosis to start of chemotherapy, reported time of presenting symptoms, staging at diagnosis, co-morbidities, age at diagnosis, type and number of cycles of chemotherapy, radiation treatment, smoking history, and reported Extensive 47 a detriment to early initiation of chemotherapy ( Figure 1 ) although this was not significant on multivariate analysis. When staging subsets (limited versus extensive) are examined separately, there is no difference in outcome for early versus late initiation of chemotherapy. We were unable to find any patient subset that seemed to benefit from early initiation of chemotherapy.
It is unclear why chemotherapy timing appears to have no effect. It is possible that while SCLC is an aggressive malignancy the tumor progression associated with delayed chemotherapy is for local disease only and not for distant spread. Our data does not show any benefit for early initiation of chemotherapy and furthermore there is a trend towards detriment (Figure 1 ). While it is very possible that study limitations are responsible for artificially creating what appears to be a chemotherapy detriment (see below) it is also possible that urgent start to chemotherapy truly is the cause for worse outcome. There is a high psychological stress level that can occur when patients are told of their diagnosis [3] , this radiation treatment, and timing of symptoms to diagnosis. In the Cox proportional model only stage was found to increase the hazard of dying ( Table 2) .
Similarly, we looked at logistic regression examining age at diagnosis, performance status over 70, greater than 3 comorbidities, staging, radiation, and earliest symptoms greater than 59 days found that only stagewas significantly associated with mortality. Those with extensive disease had 30x odds of dying than those with limited disease (95% CI 1.8-517).
Discussion
SCLC is an aggressive malignancy that often presents with metastatic disease. Median survival time with treatment ranges from 7 to 9 months. Because of the aggressive nature of the disease and the possibility for rapid growth, there is potential that a delay in initiation of systemic therapy can result in adverse outcomes. Our data did not reveal any benefit to early initiation of chemotherapy in any patient subset. Furthermore, when the overall population was examined we found The best method to determine optimal treatment timing in small cell lung cancer would be a prospective study. However, it would be unlikely that such a study would be successful as patients and providers alike may be uncomfortable with an intentional delay in chemotherapy initiation. In the absence of any level one evidence, the best evidence available must suffice. This study and similar retrospective studies provide the only available data regarding the importance of chemotherapy timing in SCLC.
Conclusions
This data is important for several reasons. We were unable to find any benefit for any patient subset with urgent initiation of chemotherapy. This indicates that physicians may safely start chemotherapy at a comfortable pace. There is no need for emergent chemotherapy. A modest delay in starting chemotherapy will allow for patients and families to better absorb the diagnosis and prognosis. Delay in treatment allows patients to make preparations for treatment and consider alternative options (second opinion, best supportive care only, etc.). From the clinical perspective, non-urgent chemotherapy allows for a more thorough staging process. From a logistical standpoint, the non-urgent approach is easier on hospital resources. When urgent chemotherapy is requested, there can be an unnecessary strain on staff, room availability, and other limited resources.
In conclusion, we did not find any benefit to urgent initiation of chemotherapy in any subset of SCLC patients. Based on this data, chemotherapy can be initiated at a comfortable pace without concern for detriment.
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can be further exacerbated when patients are instructed that they must initiate chemotherapy urgently. Such stress may influence outcome. Hamer, et al. found that psychological distress was a predictor for cancer mortality, especially in lung cancer [4] . A second reason that urgent start to chemotherapy could be detrimental is if rapid chemotherapy start time undermines proper staging and evaluation of patients. Patients with unclear staging findings (such as a small pleural effusion, or liver lesion) may start chemotherapy at the expense of a full work-up and are thus inappropriately staged and/ or treated.
There is limited data regarding timeliness of care and lung cancer outcomes. Most of the studies conducted on the subject have focused on non-small cell lung cancer [5] [6] [7] [8] . Their findings are consistent with those found in our study; that earlier treatment correlates with lower survival time and higher mortality rates. However, most studies, including our own, demonstrate that earlier treatment typically occurs in individuals with more advanced disease.
A more recent retrospective study examining SCLC found that patients seen in an outpatient setting took a significantly longer time to be treated than those presenting to an emergency department. Median times from diagnosis to treatment were 15 days vs. 39 days in the ED vs. the outpatient clinic respectively. The study also found that the two populations had no statistical difference in survival [9] .
Our study has multiple limitations, the most major of which is the limited sample size. The population size of this study severely limits its utility in examining subgroups. Larger numbers could possibly find a subset that would benefit from early initiation of chemotherapy. However, this is unlikely given there was no trend towards better survival in any of the subsets examined. A second weakness is unmeasured variables; there are variables that may have been important that were not recorded. For example, tumor volume may be an important metric. It is possible that patients with large tumor volume do benefit from early initiation of chemotherapy. This study attempted to account for as many variables as possible but the authors acknowledge that data collection is limited. It is also possible that patients who were symptomatic from their disease started chemotherapy earlier. These patients would be expected to do worse while at the same time benefit the most from early chemotherapy initiation. Third, we used an arbitrary time of 2 weeks as a cut-off for early versus late but when time from diagnosis to chemotherapy initiation as a continuous variable was used there was a trend towards improved outcome with later chemotherapy initiation (Pearson coefficient of 0.22 with a p-value of 0.058), thus it is likely that any time cut-off would have similar result.
